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1

RADAR FOR THE DETECTION OF
OBSTACLLES, ESPECIALLY FOR
AUTOMOBILE VEHICLES

BACKGROUND OF THE INVENTION

The present invention relates to a radar for the detection
of obstacles. It can be applied especially to automobile
vehicles where 1t can be used to detect obstacles, more
particularly obstacles constituted by other preceding
vehicles.

Radars designed for large-scale consumer applications
must be sold at the lowest possible prices while at the same
fime complying with the technical performance character-
istics needed for reliability or safety. This 1s especially so
with level measurement radars, road traffic management
radars and more specifically automobile radars used for
speed regulation or obstacle detection. A speed regulation
radar for automobiles 1s designed especially to detect the
distance and speed between a carrier vehicle and the vehicle
preceding 1t, 1n order to enable the carrier vehicle to adjust
its speed 1n relation to that of the preceding vehicle, for
example to comply with safety criteria. A radar of this kind
must especially be operational whatever the atmospheric
conditions.

A known approach to measuring the distance from an
obstacle to a radar 1s to use the phase rotation of the signal
sent out by the radar during its to-and-fro path from the radar
to the obstacle. The signal sent out e(t) is defined by the

following relationship:

e(t)=A cos(2nFt) (1)

where:

F represents the frequency of the radar signal,

t represents the time;

A represents the amplitude of the radar signal.

The phase rotation 1 or phase shift obtained on this signal
alter propagation over a distance 2D corresponding to the
to-and-fro path between the radar and the obstacle 1s defined
by the following relationship:

p=2nFr (2)

where T represents the time taken by the radar wave to travel
through the to-and-fro distance 2D. Indeed:

2D
T=—
C

(3)

where ¢ represents the velocity of light.
From the relationships (2) and (3), it follows that:

D= 2 (4)

 AnF

The relationship (4) shows that a simple phase measure-
ment enables access to the measurement of the distance D
between the radar and the obstacle. However, 1n practice, the
measurement 1s ambiguous once the phase shift 1 1s greater
than 2m, if the receiver has two reception channels in
quadrature, or greater than m 1f 1t includes only one reception
channel. This prohibits a direct measurement of distance by
means of the phase 1in a radar use where the frequency 1is
commonly higher than 1 GHz. One approach usually imple-
mented consists then of the use of a differential phase
measurement corresponding to radar signals emitted and
received on two different frequencies F, and F.,.
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A sequence of transmission at a first frequency F, gives
access to a first phase shift 1) :

drD
—F|
C

()

@1

Similarly, a sequence of transmission at a second {fre-
quency F, gives access to a second phase shift 1 :

Al

Yo = —F
¢

(6)

From the relationships (5) and (6), the measurement of the

distance D 1s deduced:
D C(‘PE_‘PI] (7)
A FQ — Fl
Assuming:
WQEﬂM=5W
and
F,-F,=AF
We get:
h cAp (8)
A AF

For reasons of cost, the radar devices used 1n civilian
applications and especially 1in automobile applications often
rely on homodyne solutions from the viewpoint of the
transmitter and the receiver and on monostatic solutions
from the viewpoint of the antenna.

However, this type of device has a major limit related
especially to the presence of different noises whose power 1s
far greater than the power of the thermal noise, especially in
the lower part of the spectrum of the video signal at output
of the mixer. These noises are related to the amplitude noise
of the oscillator and of the leakages that result therefrom by
mismatching of the circulator-antenna assembly, to the
inherent noise of the mixer, to the variations of the apparent
standing wave ratio (SWR) of the antenna in the presence of
mechanical vibrations and to the presence of rain clutter or
again to the splashing of water on the antenna of the radar.
In practice, the noises related to the microwave components
are greater when the radar works in millimetric wave mode,
which 1s especially the case with automobile radars working
at 76 GHz. In practice, the amplitude noise of Gunn type
oscillators or of the transistors used for the oscillator func-
tion and the noise of the diodes used for the mixer function
substantially disturb the estimation of the phase of the
received signal and even make this estimation 1mpossible
when the frequency of the demodulated reception signal 1s
low.

In the particular case of a radar for the regulation of the
speed of automobile vehicles, 1t 1s important that the quality
of the phase measurement should be preserved when the
radial speed of the target detected by the radar 1s close to
zero. Since the detected target 1s actually the vehicle pre-
ceding the carrier vehicle, a radial speed close to zero
corresponds to a regulation mode. The Doppler frequency of
the radar echo 1s then close to zero and the estimation of the
distance 1s done on the basis of a particularly noise-infested
phase measurement.
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The aim of the invention 1n particular 1s to overcome this
drawback despite the technical limits laid down by the
choice of the homodyne radar principle.

SUMMARY OF THE INVENTION

To this end, an object of the mvention 1s a radar for the
detection of a target, using at least four frequencies refer-
ences F,, F,, F;, F, such that:

and such that:

where Cte represents a constant frequency value, the mea-
surement of distance from the target being done on the basis
of the difference 1n phase between two signals of which the
first 1s consftituted by the difference between two received
signals corresponding respectively to the frequencies F, and
F, and the second 1s constituted by the difference between
two received signals corresponding respectively to the fre-
quencies F, and F,.

The main advantages of the invention are that it can be
adapted to several types of radars, and 1s simple to 1imple-
ment and economical.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the invention shall
appear from the following description, made with reference
to the appended drawings, of which:

FIG. 1 shows an exemplary embodiment of a prior art
radar used 1n civilian and especially automobile applica-
tions;

FIG. 2 shows exemplary timing diagrams of the
transmission/reception of a bifrequency radar;

FIG. 3 shows exemplary timing diagrams of transmission/
reception of a radar according to the invention;

FIG. 4 shows a block diagram of a possible embodiment
of a radar according to the invention, associated for example
with a monopulse type antenna.

MORE DETAILED DESCRIPTION

FIG. 1 uses a block diagram to show an exemplary
embodiment of a radar according to the prior art used in
civilian applications and especially 1n automobile applica-
tions. In this type of radar, the separation of the targets and
the measurement of speeds are done by the filtering of
Doppler frequencies and the measurement of distance is
obtained by phase measurement after Doppler processing.
This type of radar with phase measurement generally relies
on homodyne solutions from the viewpoint of the transmitter
and receiver, and on monostatic solutions from the view-
point of the antenna. It comprises for example means 1 to
control the modulation of a microwave oscillator 2, working
especially at 76 GHz 1n the field of automobile applications.
The control means 1 modulate, for example, the frequency
emitted by the oscillator in two frequencies F,, F,. The
frequency transmitted by the oscillator 2 1s directed towards
an antenna 3 through a circulator 4 and amplification means
(not shown). The signals received by the antenna 3 are sent
to a mixer 5 through the circulator 4 and then demodulated
by the signals given by the oscillator 2. These signals are
modulated/demodulated sequentially at a first frequency F,
and then at a second frequency F,. The video signal obtained
at output of the mixer 5 1s sent to the receiver of the radar.
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FIG. 2 shows an example.of a transmission timing dia-
oram 21 and a reception timing diagram 22 of the signals
modulated at these two frequencies F,, F,. As 1s shown by
the above relationships (4) to (8), the frequencies are used to
remove the ambiguity 1n distance by a measurement that 1s
not ambiguous between D=0 and

According to FIG. 2, a first transmission 1s made at the first
modulation frequency F, and 1s then followed by an idle
fime or a transmission at a certain frequency not used by the

radar. There then begins a second transmission at the second
modulation frequency F, followed by an 1dle time and then
a transmission at the first frequency F, starts again and so on
and so forth sequentially. The reception phases take place at
the same time as the transmission phases, and at the same
modulation frequencies. As explamed further above, a type
of radar working according to FIGS. 1 and 2 has a high limait
related to the presence of different noises whose power 1s far
orcater than the power of the thermal noise, especially 1n the
low part of the spectrum of the video signal at output of the
mixer 5. These noises are related to the amplitude noise of
the oscillator 2 and to the leakages that result therefrom
through the mismatching of the assembly formed by the
circulator 4 and the antenna 3. They are also for example due
to the mnherent noise of the mixer 5, the apparent SWR of the
antenna 3 1n the presence of mechanical vibrations and the
presence of rain clutter or of splashing water on the antenna.
In the millimetric wave domain, especially at the 76 GHz
frequency for automobile applications, the noises related to
the microwave components have a great deal of importance.
In particular, the amplitude noise of the Gunn type oscilla-
tors or of the transistors used by the oscillator 2, as well as
for example the 1/F noise of the Schottky diodes used by the
mixer 5 disturb and even prevent the estimation of the phase
of the signal received when the frequency of the demodu-
lated reception signal 1s low. This case actually corresponds
to the case where the radial speed of the target detected by
the radar 1s close to zero. In an application of a radar for the
regulation of the speed of an automobile vehicle, this
corresponds therefore to the regulation mode 1.e. the mode
where the safety distance between the vehicles 1s maintained
and where the vehicles travel substantially at the same
speed.

To enable a measurement of quality of the phase, espe-
cially 1n the case just mentioned, the principle of operation
of the radar according to the mnvention relies on the trans-
mission and reception of sine waves on at least two pairs of
frequencies hereinafter referenced (F,,F,) and (F;,F,).

The first pair consists of a first frequency F, and a second
frequency F,, the second pair consists of a third frequency
F, and a fourth frequency F,. These four frequencies cor-
respond to the following relationships:

Fir+ F >+ F
( 1 3]_( 2 4]:&17"
2 p)

(A)

(B)

The choices of the differential frequencies AF and AF
meet certain constraints that are explained hereinafter.

FIG. 3 shows an exemplary transmission timing diagram
31 and reception timing diagrams 32, 33, 34, 35 at these four
frequencies F,, F,, F;, F, 1n the particular case of a radar for
automobiles adapted to a range of about 150 m.
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The transmission frequencies follow one another sequen-
fially for example as indicated here below. Transmission at
the first frequency F, 1s followed by transmission at the third
frequency F; which 1s followed by transmission at the
second frequency F, itself followed by transmission at the
fourth frequency F, and then there begins a new transmis-
sion at the first frequency F,. The duration of transmission
of each phase 1s for example equal to 2.5 us. The values of
the frequencies F, F,, F;, F, are for example the following:

F,=76 GHz substantially;

F=F +AF', with AF'=230 kHz;
F.=F +AF, with AF=750 kHz;
F =F +AF=F +AF+AF"

With F,, AF and AF' being fixed, the values of the four
frequencies F,, F,, F;, F, are deduced from the above
relationships (A) and (B).

FIG. 4 uses a block diagram to show a possible embodi-
ment of a radar according to the nvention.

It comprises for example means 41 to control the modu-
lation of a microwave oscillator 42. The output of this
oscillator 1s connected to the input of a circulator 43 through
a coupler 44. The oscillator 42 gives, for example, micro-
wave signals at the frequencies F,, F,, F;, F, as defined with
reference to FIG. 3. A first output of the circulator 43
designed for transmission 1s connected for example to a
magic-T junction 45 that 1s connected for example to a
monopulse type antenna 46. An antenna of this kind com-
prises for example a sum signal X and a difference channel
A. For reception, the sum channel 2 1s for example con-
nected at mput to the first above-mentioned output of the
circulator 43 through the magic-T junction 45. The signal
received on the sum channel 1s directed to a second output
of the circulator 43 connected to a first input of a first mixer
47, the other output of this mixer being connected to the
output of the microwave oscillator through the coupler 44.
The signal received at the difference channel A 1s directed
through the magic-T junction 435 to the first input of a second
mixer 48, the other input of this mixer being connected to the
output of the microwave oscillator 42 through the coupler
44.

The radar transmits and receives for example successively
at the four frequencies F,, F,, F;, F, as 1llustrated 1n FIG. 3.
The reception 1s done during the transmission square-wave
pulse. The signal received at each frequency 1s for example
demodulated 1n homodyne fashion by means of the mixers
4’7, 48 with respect to the oscillator used for transmission at
the same frequency. This produces a video signal whose
frequency corresponds to the Doppler frequency of the radar
tarcet and whose phase 1s determined by the distance
between the radar and the target. Thus, after the modulation,
the signal received from a given target 1s obtained according
to the following relationship:

x;(1) = C'DS(QJTF di — 4—ﬂ F; D] (9)

C

where:

1 1s the 1ndex corresponding to the frequency used Fi
where for example 1 1s equal successively to 1, 2, 3 and
4, and F1 1s equal to the frequencies F,, F,, F;, F,
defined here above,

Fd 1s the Doppler frequency of the target,
D 1s the distance between the radar and the target,
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t represents time,

¢ represents the velocity of light.

In the case of an application to an automobile speed
regulation radar, where the antenna used 1s for example a
monopulse type antenna, the detection by means of the
signal x(t) 1s done by the sum channel 2.

This signal x{() is contaminated with an additional noise
bi(t) resulting from the different disturbing phenomena
described here above, such as for example the 1/F noise of
the transmitter/receiver, the antenna vibrations or the clutter.
At output of a mixer 47, 48, the following signal r«t) is thus
obtained, corresponding to the i”* frequency F;:

rd{)=x()+b(t) (10)

According to the invention, the radar processing means
amplify and then demultiplex and sample the signals
received at the different frequencies so as to form the
following difference signals:

ry(t)-15(t)

and

1> (H)-r4(t).

To carry out the above operations, a first amplifier 50 1s
for example connected to the output of the first mixer 47
intended for the sum channel . The positive mput of a first
subtractor element 51, based for example on a differential
amplifier 1s, for example connected to the output of the first
amplifier 50 through a switch 52 controlled so as to be
closed during the transmission/reception phase at the first
frequency F,. The negative mput of the first subtractor
clement 51 1s connected to the output of the first amplifier S0
through a switch 53 controlled so as to be closed during the
transmission/reception phase at a third frequency F;. The
subtractor element 51 takes the difference between its posi-
five mput and its negative mput. It also for example per-
forms a holding operation on a period of the signals received
at the frequency F, and then at the frequency F, using for
example holding circuits not shown wired between its inputs
and the switches, 1n order to be able to obtain the difference
signal r,(t)-r4(t). This signal is then, for example, converted
digitally by means of an analog/digital converter 54, one
input of which 1s connected to the output of the first
subtractor element 51. In analog fashion, a second subtractor
clement 55 gives the difference signal r,(t)-r, (t) to the
analog-digital converter 54. To this end, 1ts positive 1nput
and 1its negative 1nput are respectively connected to the
output of the first amplifier through a switch 56 controlled so
as to be closed during the transmission/reception phase at
the second frequency F, and through a switch §7 controlled
so as to be closed during the transmission/reception phase at
the fourth frequency F,. The control means for the switches,
which are synchronized with those of the microwave oscil-
lator 42, are not shown. The analog/digital converter also has
for example the function of sampling the difference signals.
To this end it 1s controlled, for example, by a sampling signal
generated by means not shown.

The difference signals r,(t)-r;(t) and r,(t)-r,(t) are then
filtered 1n a battery of high-resolution Doppler filters espe-
clally to separate the targets by their speed, before detection.
This battery of Doppler {ilters 1s obtained for example by
means 49 for performing a fast Fourier transform (FFT). To
this end, the analog/digital converter gives digitized data to
the fast Fourier transform means 49.

Another approach may consist for example 1n forming the
difference signals r,(t)-r5(t) and r,(t)-r,(t) at output of the
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means 49 for computing the fast Fourier transform since this
computation 1s a linear operation. In both cases, the detec-
fion of the useful signal 1s done by the detection of the
maximum values and the comparison, with a threshold, of
the moduli of the spectral densities of power values formed
out of the difference signals.

The moduli of the spectral densities of power values
formed from the difference signals r,(t)-r5(t) and r,(t)-r,(t)
are respectively referenced

— —
|5y —ry | @nd S, |,
1773 274

the corresponding spectra at output of computation of the
fast Fourier transform FFT being respectively referenced

and§

N
Sry-r3 R4

The measurement of Vr of the speed of the target detected
in the k order filter 1s given by the following relationship:

Ak
——F,
2 2N

(11)

=
I
I

where:
k 1s the number of the filter in which the detection 1s done,
). 1s the wavelength of the radar,

N 1s the total number of points of the fast Fourier
transform FFT,

F_ 1s the frequency of sampling of the signal,

F , 1s the Doppler frequency corresponding to the target.

The measurement of the distance of a detection target in
the k order filter 1s obtained by the computation of the phase
difference:

(:p(Srl —F3 ) — @(Srz—r,ﬁl)

@S ry—r3)

being the phase shift on the spectrum

-—

Sry—ry and @(Sry 1y )

being the phase shift on the spectrum

—3 —

S S

—3
Fa—F4q and 5 ¥y —F4q

.?"1 —F"3

having been defined above. The phase difference

@(;STFJ —r3 \] _' @(:9?2_?4)

corresponds 1 fact to the phase difference between the
difference signals r,(t)-r5(t) and r,(t)-r,(t). Any method
other than that of using a Fourier transform may be used to
determine this phase shift. In fact, according to the
invention, the measurement of distance from the target is
done on the basis of the phase difference between the two
signals constituted respectively by the differences r,(t)—r5(t)
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and r,(t)-r,(t) of two signals received r,(t), r5(t) and r,(t),
r,(t) respectively corresponding for example to the first and
third transmission frequencies on the one hand and to the
second and fourth transmission frequencies on the other

hand.

This result may be deduced 1n successive steps from the
above relationship (9). When there is no noise, it becomes:

rl) - r3(l) =
i | 4
x5 —x3(1) = CDS{EJTFdI - —F, D} - cc:s(EJerr — —FE,D] =

C C
- (4?{1:1
COs

e
LN

drFr
D} - cc:s( Dﬂcms&*err +

C
| ' (4?1'171
S11

C

C(AnFs N
_D} — 5111( D} ]51112:*:‘17 A
C _

which 1s also written:

o dr N (2w (12)
x( (1) — x3 (1) = —2sin [EFT.FQ’I — —F,D Jsm{—-—AFD}
- -

In writing,

. AF_AF
FI:FD"THHCIPE}:‘LD'F?ﬁ

AF having been defined above.
We get:

2 7T

R 13
O(Sxy—x3) = —(Fy + F3)D ~ = —

In the same way the following relationship i1s obtained:

. o 7 (14)
Sn )= —(Fs + F)D — —
S vy —x, .:?( Y >

and

= - At 15
@{S.Il —X3 ) - f,i:’(SIZ__I4) — —;—-DAF" ( )

AF' having been defined here above.
G1ving;:
the distance

C

_ (16)
Ar AF/

D 05 x3) = Sy xy)]

The estimation of difference of the phase:

W{S.Il - X7 ) - (:lﬁ(sz—-xél )

may be done in two different ways:

(17)

J \ s \ Imi(Sz) x5 ) ISy xy )
QU 5y —xz )~ P 3y —x, ) = arct — - arctan —--
R(S ¢ xy) | RSy, xy)

Im and R respectively representing the imaginary part and
the real part where:
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r (18)
le —-X3 5 xn—x4

@('SII —-13 ) _ ‘P(SIZ —-374) - Qar(:taﬂ __} .

SI]_ “.I3 + SIZ —':-"{'4 ]

In the presence of “noise” 1n the general sense, this
procedure according to the invention to estimate the distance
of the target can be used especially to eliminate or greatly
attenuate noises of microwave origin, whose spectral density
of power 1s decreasing from the frequency zero onwards and
whose fluctuations are slow.

Indeed, these noises appear to be correlated on the recep-
tion channels corresponding to the frequencies F, and F; on
the one hand and F, and F, on the other hand, so much so
that, by subtraction, these noises are very greatly attenuated.
Consequently:

r1(H)-13(t)~x4(t)-%5(t)

The difference signal r,(t)-r4(t) is therefore substantially
equal to the difference signal x,(t)—x5(t).
In the same way:

ro(0)-14()~X5 (D)% 4(t)

The difference signal r,(t)-r,(t) 1s therefore substantially
equal to the difference signal x,(t)—x,(1).

The estimation of phase difference obtained in practice
from the difference signals r,(t)-r,(t) and r,(t)-r,(t) is there-
fore 1tself free of noise.

The device according to the invention furthermore
enables the attenuation of parasitic phenomena such as
rainfall clutter or modulations 1n the standing wave ratio
(SWR) of the antenna related to vibrations which appear at
distances close to zero with reference to the radar receiver.
Indeed, the difference signals r,(t)-r5(t) and r,(t)-r,(t) fol-
low a relationship of sensitivity as a function of the distance
D which 1s the following:

(2D
2sin ( —AFD J

C

whose effect 1s similar to the effect obtained 1n a radar
with pulse train modulation by a simple cancellation filter
attenuating sensitivity at the low Doppler frequency. The
extraction of the phase difference and hence of the distance
1s thereby further improved.

The choice of the differences 1n frequencies AF and AF'
results for example according to the invention especially
from the following compromise:

the difference 1 frequency AF=F,-F.=F,-F, should for
example enable a high attenuation of the signals
received 1n the first meters, without creating holes 1n
the range of the radar and while at the same time
providing for maximum sensitivity on the targets
within the limits of 1ts range. In the application to
automobile radars where the range 1s for example about
150 m, the difference in frequency may be taken to be

equal to about 750 kHz,
the dif

‘erence 1n frequency

- L+ F3) - (Fo + F4)
2 2

AF’

should not generate ambiguities in the measurement of the
phase difference
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(:Q(le — X3 ) _ @(512—14 );

according to the relationship (15), it follows that:

A
— DAF’
C

1s smaller than .

In an automobile application where 1t 1s envisaged, for
example, that ambiguous measurements of distance beyond
300 m will be rejected, the frequency difference AF' may for
example be chosen to be less than 250 kHz. Furthermore,
this difference AF' should be as great as possible to adjust the
dynamic range of the phase measured to the range of the
radar. If the range of the radar 1s 150 m, the difference 1n
frequency AF' may be chosen for example to be equal to 250
kHz. This leads in particular to a maximum phase equal to
nt for the maximum range.

These values may for example be applied by the means
for controlling the modulation of the radar as described by
the block diagram of FIG. 4. In this exemplary embodiment
of a frequency hopping monopulse radar for automobiles,
the detection 1s done on the sum channel X of the monopulse
receiver by means of the difference signals Xr,-r, corre-
sponding to the frequencies F, and F; on the one hand and
2r,—r, corresponding to the frequencies F, and F, on the
other hand, especially by means of the elements described
here above. Since the fast Fourier transform computation
means 49 deliver spectra

4
S5y -rs r2—rq

and Xr,-r,, the distance measurement 1s done by computing,
the phase difference:

ACHNND L 105 M.

for example according to the relationship (18).

This computation is done for example by a computer (not
shown) connected to the output of the fast Fourier compu-
tation means 49 or again containing these means.

The angular deviation measurement 1s obtained for
example by computing the relationship between the phase

Sa, |
shifts: — L
155, |

where
Sa. _,. | and |Ss

1773

™

represent the spectral densities respectively of the difference
signal Ar,-r, on the difference channel A and of the differ-
ence signal 2r,-r, on the sum channel X corresponding to
the frequencies F, and F..

To obtain the difference signal Ar,-r, on the difference
channel A, a third subtractor element 38 1s used for example
on the difference reception channel A. The positive mput of
this channel 1s connected to the output of a second amplifier

™
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59 through a switch 60 controlled so as to be closed during
the transmission/reception frequency phase corresponding
to the first frequency F,. The negative 1nput 1s connected to
this second amplifier 59 through a switch 61 controlled so as
to be closed during the transmission/reception phase corre-
sponding to the third frequency F,. The input of the second
amplifier 59 1s connected for example to the output of the
mixer 48 of the difference channel A. The third subtractor
clement 38 gives the difference signal

Bry-rs

to the analog/digital converter 54. The digitized signal is
then given to the means 49 for computing the fast Fourier
transform FFT which delivers the spectrum

.l”'l —I"3 )

The ratio

|SZH—F3 |

1S'A

n’—rj’l

1s for example computed by the above-mentioned computing
means and not shown 1n FIG. 4. Another possible embodi-
ment consists for example in sampling and encoding the
signals directly at the output of the amplifiers 50, 59
following the mixers 47, 48. The demultiplexing, instead of
being done by the switches 52, 53, 56, 57, 60, 61, 1s done
digitally by a computer, for example the same computer as
the one that performs the computation of the fast Fourier
transforms and then the computations of distance and angu-
lar deviation. A computer of this kind, based on signal
processing microprocessors, 1s well known to those skilled
in the art.

The principle of operation according to the invention can
be applied to a frequency hopping radar for automobiles
designed especially for speed regulation or obstacle detec-
fion. It may also be applied to other types of radars,
monopulse or otherwise, provided that 1t possesses a sufli-

* iyt

cient number of reception channels to obtain the difference
signals r,(t)-r,(t) and r,(t)-r,(t) described here above. The
principle of detection according to the mnvention can also be
applied for example to a frequency-ramp continuous wave
radar.

A radar according to the invention makes it possible to
improve the quality of estimation of the distance obtained by
measurement of phase differences, 1n a continuous wave
radar, especially 1n the presence of a temporarily correlated
noise, or more generally 1n the presence of clutter, or at close
distance. Its implementation 1s simple and does not give rise
to any appreciable extra costs as compared with a standard
radar.

In a frequency-hopping homodyne automobile radar type
of embodiment working in the millimetric wave band,
especially at 76 GHz, where the reception is particularly
sensitive to low-Ifrequency disturbances, the only physical
changes to be implemented relate to the circuit for control-
ling the microwave oscillator 42 and the analog demulti-
plexing circuits 52, 53, 56, 57, 60, 61, 51, 55, 58 of the
reCelVer.

Finally, the choices of the differences in the frequencies
AF and AF' defined here above enable the adjustment and
reduction of the dynamic scale of the receiver as a function
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of the range that 1s sought. In the example of the automobile
radar having a range of about 150 m, the dynamic scale of
the receiver may be reduced by about 15 dB.

What 1s claimed 1s:

1. A radar for the detection of a target, comprising:

means for producing at least four signals wherein each of

said at least four signals have separate frequency F1,
F2, F3, F4 wherein F1-F3=F2-F4 and; (F1+F3)-(F2+
F4) Cte wherein Cte 1s a constant frequency value;

radar means for transmitting to said target and receiving
from said target said four signals having said four
frequencies;

calculating means for measuring the distance from said

radar to said target wherein said measure distance 1s a

function of two distance signals wheremn said {first

distance signal 1s determined by the difference between
two received signals corresponding respectively to said
frequencies F1 and F3 and wherein said second dis-
tance signal 1s determined by the difference between
two other received signals corresponding respectively
to the frequencies F2 and F4.

2. Aradar according to claim 1, wherein a reception signal
1s demodulated 1n homodyne mode with respect to the
oscillator used for the transmission, at the same frequency.

3. Aradar according to claim 1, that 1s a monopulse radar.

4. A radar according to claim 1, comprising at least:

one microwave oscillator;

means to control the modulation of the oscillator at the
frequencies F,, F,, F5, F,;

a reception sum channel (£) comprising means to obtain
the first difference signal

Zr-ry)

and the second ditference signal

(Ei’z—f’4 )1

* iyt

a reception difference channel (A) comprising means to
obtain the first difference signal

(A, )

the measurement of distance being obtained by the phase
difference between the difference signals

(E.P‘l —.F"3 e EI‘Z—I“4 )

on the sum channel and the measurement of angular devia-
tion being obtained by the ratio between the first difference
signal

(Zr,ry)

on the sum channel (£) and the first difference signal

(A )

on the difference channel (A).
5. Aradar according to claim 4, wherein the sum reception
channel (X) comprise a first mixer having one input designed
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for the reception signal and the other input connected to the
output of the microwave oscillator and wherein the ditfer-
ence channel (A) comprises a second mixer having one input
intended for the reception signal and the other input con-
nected to the output of the microwave oscillator.

6. A radar according to claim 5, wherein amplifiers are
connected to the output of the mixers.

7. A radar according to any one of the claims 4, 5 or 6,
wherein the means for obtaining a difference signal

(EFI—F3 E EFZ—F4 E Af"l —.'F'3)

comprise at least one subtractor element whose positive
input 1s connected to a switch controlled so as to be closed
during the transmission/reception phase at the frequency of
a first signal (r,(t),r,(t)) and whose negative input is con-
nected to a switch controlled so as to be closed during the
transmission/reception phase at the frequency (F;, F,) cor-
responding to a second signal (rs(t),r,(t)), the subtractor
clement taking the difference between the first signal and the
second signal.

™

8. A radar according to claim 7, wherein the difference
signals are sampled and encoded by an analog/digital con-
verter to be given to fast Fourier transform (FFT) compu-
tation means, the phase difference being measured on the
Spectra

— —
(Szr;’— 3’ SZFZ—F4)

of the difference signals measured by the Fourier transform.

9. Aradar according to claim 4, wherein the signals output
from the mixers are sampled and encoded, the difference
signals
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(Erl —r3 EI"Z—I“4 ? &rl —¥73 )

being defined digitally and then given to fast Fourier trans-
form (FFT) means, the phase difference being measured on
the spectra

— —
(Szrf—rj’ ? SZFE—F4)

of the difference signals determined by the Fourier trans-
form.

10. A radar according to claim 1, wherein said means for
producing said signals having four frequencies includes a
frequency ramp applied to a continuous wave.

11. A radar according to claim 1, wherein said signals
having said four frequencies are 1n the 76—77 GHz fre-
quency band.

12. A radar according to claim 1, wherein:

F,-F, and F,-F, are substantially equal to 750 kHz,
Fi + F3 Fr + Fy
[ 2 ]_( 2 ]

1s lower than or equal to 250 kHz.

13. A radar according to claim 1, wherein F, 1s substan-
tially equal to 76 GHz.

14. A radar according to claim 1, transmitting succes-
sively on the four frequencies F,, F,, F;, F,, the reception
taking place during the transmission square-wave pulse.

15. A radar according to claim 1 wherein, 1n being fitted
into an automobile vehicle, it detects the obstacles preceding
the vehicle.
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